Objectives-(1) To develop a prototype Continuity of Care Record (CCR) with context-specific links to electronic HIV information resources; and (2) to assess case managers' perceptions regarding the usability of the prototype.
Conclusion-Our novel application of the Infobutton Manager and LITE in the context of case management for persons living with HIV in community-based settings resulted in a prototype CCR with infobuttons that met the majority of case managers' information needs and received relatively positive usability ratings. Findings from this study inform future integration of contextspecific links into CCRs and electronic health records and support their use for meeting end-users information needs.
Healthcare information has been defined as "the commodity used to help make patient care decisions" [1] and the quality of healthcare has been shown to depend on the quality of a clinician's domain knowledge [2] . Nonetheless, many healthcare workers often have questions about how to care for their patients, and most questions go unanswered [3] [4] [5] . Previous studies have identified many obstacles to answering clinical questions [3, 6] and found that computer resources are infrequently used [7] . To address some of the obstacles related to meeting information needs, a number of investigators have designed contextspecific strategies (e.g., infobuttons, InfoRetriever) for integrating information resources into existing information systems such as electronic health records (EHRs) or clinical information systems (CISs) [8] [9] [10] .
The aims of this study were to develop a prototype Continuity of Care Record (CCR) with context-specific links to electronic HIV information resources and to assess case managers' perceptions regarding the usability of the prototype. This research study differs from prior research in four ways. First, most research related to meeting information needs has focused on physicians or nurses. The sample in our study is case managers who care for Persons Living with HIV (PLWH). Because case management tasks differ from other types of clinical tasks, they are associated with different unmet information needs [11] . Second, the type of information system of focus is a CCR rather than the more information rich EHR or CIS. Third, much of case management for PLWH occurs in community-based settings and little is known about unmet information needs that arise in this context or solutions for meeting the information needs. Such research is a prerequisite to efficacy studies that evaluate the impact of the solution on clinician behaviors and patient outcomes. Fourth, our prototype development illustrates application of the Infobutton Manager and Librarian Information Tailoring Environment (LITE) [12, 13] , resources that are available to others wishing to create context-specific solutions to meet information needs within information systems.
Background

Task of Case Management
Case management has been a frequently used strategy for targeting and coordinating care. More recently, case management was adopted for work with PLWH [14] . In contrast with diagnostic and treatment services, case management programs are designed to provide continuity of care for PLWH by coordination of resources and referrals to community-based social services and medical care [15] . HIV case managers address their clients' medical needs, as well as spend considerable time addressing client needs related to social problems, including homelessness and substance abuse [16] . Since many services are available for PLWH, centralized resource coordination and referral to services are increasingly important [17, 18] . In addition, case managers can play a valuable role in promoting client adherence to highly active antiretroviral treatment (HAART), particularly since physicians do not always have adequate time to provide adherence counseling [19] .
Continuity of Care Record
Unlike a comprehensive EHR or CIS, a CCR provides a limited set of data elements deemed to be essential for continuity of care across settings and its contents were initially specified by an ASTM International Standard [20] . Subsequently, the Continuity of Care Document (CCD) standard provided a specification for CCR implementation that incorporated aspects of the Health Level Seven Clinical Document Architecture [21] . CCRs have the potential to promote uncomplicated access to critical patient data and allow for care to be more complete by providing healthcare services that are less redundant, time intensive, and prone to error [22] . Improving case managers' access to patient data through a CCR has the potential to generate information needs that were not previously explicated. Thus, information access solutions are essential.
Information Access Solutions
Information access may take many forms, ranging from looking up information in a textbook or journal or on a computer, to consults with other healthcare professionals [23] . With the advance of computer capabilities, electronic information resources have been developed and integrated into CISs [24, 25] . Electronic access to information resources at the point of care has the potential to improve information seeking within a busy clinical setting [26] .
One approach to helping clinicians resolve their information needs is to create links within CISs to other on-line information resources [8] . If clinical data trigger the need for additional information, the same data can be co-opted into the retrieval process to reduce the effort needed on the part of the clinician [27] to resolve the information need. For example, infobuttons link clinical information, such as laboratory results, to information resources such as Up-to-Date [7] . Studies of infobutton use have shown that context-specific links to information resources are easy to use and helpful [28] . Timing studies have shown that users can get information quickly with a minimal amount of time spent on navigation [12] . Ebell and colleagues have developed InfoRetriever, which is a resource for handheld computers that provides up-to date evidence to guide patient care decisions [9, 10] . Infobuttons and InfoRetriever were both developed to help clinicians in their daily clinical practice by providing them with easy access to information resources. However, adoption of these systems has been slow, and most clinicians continue to practice without them. Lack of knowledge about the information needs of clinicians has been identified as one of the major reasons for slow uptake of systems [29] . Moreover, prior research has not focused on application of IT strategies designed to meet information needs for the task of case management or that occurred within the context of a CCR.
Methods
The CCR
This study was done within the context of SelectHealth, an HIV Special Needs Plan that provides comprehensive health services to its members through a fully-contracted network of providers. Highly coordinated services are necessary to provide comprehensive care and achieve desired outcomes for the management of PLWH [30] . Toward this goal, SelectHealth implemented a CCR, the SelectHealth Continuity of Care Document (SH-CCD), which is based upon the CCD standard, but more limited in content. The SH-CCD provides laboratory results and medication refills, which is critical information for the provision of HIV care.
The SH-CCD is available via a secure Internet connection to PLWH, clinicians, and case managers [31] . Case managers can access their client's health information in the CCR if the case manager is part of the SelectHealth network or if the PLWH provides the case manager with access.
Development of the Prototype CCR with Infobuttons
The goal of embedding infobuttons into a CCR is to decrease the number of steps required for users to find resources to meet their information needs. [8] Development of the prototype SH-CCDwith infobuttons comprised three steps: 1) selection of electronic information resources to meet information needs; 2) adding links to electronic information resources to the Infobutton Manager knowledge base using the Librarian Infobutton Tailoring Environment (LITE) [12] ; and 3) defining associations between information needs, electronic information resources, and user contexts.
The case manager information needs identified in our prior research served as the focus for selection of electronic information resources in our current study [11] . Case managers have unique information needs that differ from those of physicians and nurses. For instance in our previous work, we found that case managers had three major areas of information needs. Case managers described their need to access pertinent patient data. In contrast to clinicians who often have access to patient's paper or electronic charts, many of our study participants work in freestanding case management offices and do not have access to this information. In addition, case managers had information needs related to educational resources about drug information adherence and substance abuse since, unlike clinicians, they do not have specific training in these areas. Third, case managers need specific information resources related to referral needs (e.g. housing, food) that are uniquely related to their role.
One author (RS) collected resources to address these information needs. The resources were reviewed by the authors and an additional nurse scientist with expertise in HIV care. Resources were added based on this review resulting in a set of electronic information resources which matched with information needs related to medications, laboratory tests, patient education and referrals.
We added links for the selected electronic information resources to the Information Manager knowledge base using LITE. LITE is designed for use by medical librarians and others who provide access to information resources (infobuttons.org). We used the Infobutton Manager [13] to create infobuttons as the mechanism for providing context-specific access to the selected resources. The Infobutton Manager uses a knowledge base of information needs and electronic information resources along with user context to predict information needs and create appropriate links to resources. For example, given the user context of viewing a medication list, the Infobutton Manager might predict that the user would want to know the side effects of a drug and consequently, create a link to a spot in an electronic information resource that displays side effect information for the particular drug of interest.
Usability Testing
We applied qualitative (think-aloud protocol) and quantitative (survey) data collection and analysis techniques to examine case managers' perceptions of the usability of the prototype CCR with context-specific links.
Sample and Setting-Participants were recruited via personal contact from a single case management agency in New York City. Participants included Case Managers (N=5), Assistant Case Managers (N=2), and Senior Case Managers (N=2). The average age of participants was 27 years old and all were female. Four participants identified themselves as White, 2 as Black, 2 as Asian and 1 as multi-racial. All case managers had Bachelor's degrees, and experience as a case manager ranged from 4.5 months -11 years (M=2.01). All participants reported that they use a computer more than once a day and that they have at least 2 years of computer experience.
Procedures-Following informed consent, participants were asked to think-aloud as they used the CCR with context-specific links to complete a representative set of 10 tasks that are commonly performed by case managers while caring for PLWH. These included identifying a client's CD4 count and most recent medication refills. Case managers' utterances and screenshots were recorded using Morae™ software. One investigator (RS) also probed participants to gather additional information regarding functionality, features, processes, user interface, user-system interactions and manager-staff communication. We categorized the verbalizations from the think-aloud protocol and from the additional probes to identify key aspects of case managers' positive and negative perceptions of the usability of the system. The Computer System Usability Questionnaire (CSUQ) is a 19-item survey instrument developed at IBM to assess user satisfaction with system usability on a scale ranging from 1 (strongly agree) to 7 (strongly disagree). Items relate to efficiency, ease of use and likability of the system interface and an overall score and three factor scores are computed: System Usefulness , Information Quality , and Interface Quality. The CSUQ has strong evidence of reliability (α = .95), and content and construct validity.
[32]A lower score on the CSUQ indicates a relatively more usable system. We administered the CSUQ after participants completed their ten assigned tasks. Data were summarized using descriptive statistics.
Results
CCR with context-specific links development
Examples of resources and associated information needs are shown in Table 1 .Infobutton icons indicating context-specific links for three medications are displayed in Figure 2 .For example, if a case manager is reviewing a patient's current medication regimen, when the case manager clicks on the infobutton next to Norvir, she is taken to the Infobutton Manager which provides links to various references about the drug.
Usability Testing
Case managers used the system for 30-60 minutes in a private office at their workplace.
Qualitative Findings-We summarized verbalizations from the think-aloud protocol and in response to probing into three categories: system components that worked well, system components that did not work well and desired system enhancements.
Components that worked well: There were many positive comments, especially concerning convenience, ease of use, and understandability of the information. In addition, several participants commented that the infobuttons would be particularly useful for finding drug information such as side effects, dosages and pictures of medications. Others commented that the resources linked to laboratory values would be helpful in understanding laboratory value ranges and explanations of laboratory tests.
Components that did not work well: Case managers found the labels for the resources to be confusing and cumbersome. For example, a case manager was looking for a picture of a medication and could not figure out from the names of the links if they were the correct resources to meet her information need.
Desired enhancements:
Many case managers commented that they sought additional transportation resources. We included mapquest.com and maps.yahoo.com. However, case managers, suggested that maps.google.com and hopstop.com were more appropriate for their clients who travel by foot or public transportation, rather than drive to their appointments. In addition, case managers responded that too many clicks were often required to access a resource, and that infobuttons should more directly link to the appropriate information.
Quantitative Analysis-Mean CSUQ factor scores were: System Usefulness (M=2.13), Information Quality (M=2.46), and Interface Quality (M=2.26) (Figure 2 ). "Error messages" had the highest CSUQ score, indicating that users were not satisfied with the availability and comprehensibility of the error messages that they received. "Easy to learn the system" and "overall satisfaction" with the system had the lowest mean scores indicating higher usability in these areas. The average overall satisfaction was 2.25 (Table 2) indicating that users (n=9) were generally satisfied with the system.
Discussion
This study illustrates the application of the Infobutton Manager and LITE to develop a prototype CCR with infobuttons. The development of a CCR with infobuttons may be useful to others wishing to create similar context-specific links within electronic health information systems. Our study not only evaluated the system's usability but we also found specific resources that would be appropriate to add, such as the inclusion of maps. Some information sources were not included due to limitations of resources for programmer support for prototype development. The architecture of Infobutton Manager and LITE allow for improvements to the system with very little effort or additional testing as long as the appropriate resources are identified and integrated.
Prior research identified lack of knowledge about the information needs as a barrier to uptake of systems designed to meet information needs [29] . In this study, infobuttons were created based upon explicitly identified information needs of case managers [11] . This likely contributed to relatively small number of missing content areas reported by case managers (e.g. information on when medications should be started, drug interactions, allergies and secondary diagnoses). This finding suggests the importance of first identifying the endusers' information needs prior to system design.
The CSUQ usability scores indicated high satisfaction with the usability of the system. The Information Quality mean score although good, was less positive the other two factors. This can be explained in part because the Information Quality score includes the item about Error Messages. Overall, users did not feel like the system provided them with error messages that told them how to fix the issue they were experiencing.
The usability scores from our study were extremely encouraging. Even so, some case managers commented negatively on the efficiency of the infobuttons. For example, it took one case manager five or six clicks to find the information she was seeking and she explained that she would rather open a new browser window and use a search engine than the infobutton. These findings indicate that revisions to the system need to address the ease of accessing information resources [33] . Refinements to the system may include finding better resources or finding a better way to exploit the resource to get the user to the desired information more quickly.
One of the limitations of this study was the use of a small convenience sample of case managers from a single agency, but our previous research suggest that the demographics of the case managers at this agency were very similar to those at other HIV case management agencies. A selection bias may be present since the respondents were all computer and Internet users and were willing to use a computer-based system. Another limitation of our study was the use of a prototype, rather than a system used in the context of an actual patient setting. Although our study evaluated the use of context-specific links within a CCR, the SH-CCD differs from an EHR only in that is has less information in it and perhaps different types of information. As result, the lessons learned in this study are relevant to inclusion of infobuttons with EHRs and CISs. We therefore believe that the findings are generalizable outside of the context of a proprietary case management electronic record (SH-CCD).
Conclusions
Solutions are needed to address information needs at the point of care. The Infobutton Manager and LITE are tools for addressing such needs in the context of information systems. Our novel application of these tools in the context of case management for PLWH in community-based settings resulted in a prototype CCR with infobuttons that met the majority of case managers' information needs and received relatively positive usability ratings. Iterative refinement based upon the usability evaluation is necessary prior to testing the efficacy in clinical settings.
The SH-CCD is currently being updated and a key enhancement to the current system is the addition of infobuttons. Findings from this study inform the inclusion of context-specific links in a CCR to meet the information needs of healthcare workers. In addition, this study provides system developers with a method for understanding and implementing contextspecific links within information systems such as CCRs, EHRs, and CISs to meet usability principles and end-user acceptance. 
Summary points
What is already known on the topic?
• Many healthcare workers often have questions about how to care for their patients, and most questions go unanswered
• There are many obstacles to answering clinical questions. Clinicians have documented that the most frequent barrier to having desired information sources is a lack of time to look up information What this study added to our knowledge?
• Our application of infobuttons in the context of case management for PLWH in community-based settings resulted in a prototype CCR with infobuttons that met the majority of case managers' information needs and received relatively positive usability ratings.
• Users of a CCR for PLWH have information needs that differ from those of users of other types of Clinical Information Systems.
• Preliminary evidence suggests that infobuttons will be useful in addressing information needs, with current inadequacies easily addressed using available technology Highlights ○ Our study is the first to focus on creating infobuttons to meet the information needs of case managers in the clinical domain of HIV.
○
Context specific links to HIV resources have not been evaluated within a clinical information system. ○ Preliminary evidence suggests that infobuttons will be useful in addressing the information needs of HIV case managers.
The results of this study can be used to help meet information needs and can contribute to the overall care of PLWH. Prototype CCR with Context-specific Links 
